Outer membranes and efflux: the path to multidrug resistance in Gram-negative bacteria.
Intrinsic and acquired multidrug resistance in Gram-negative bacteria owes much to the synergy between limited outer membrane permeability and energy-dependent multidrug efflux. The importance of the outer membrane vis-a-vis resistance is aptly demonstrated by the impact of mutational changes in outer membrane constituents on drug susceptibility. Changes in lipopolysaccharide (LPS) that correlate with increased drug susceptibility confirm, for example, the significance of this macromolecule in the intrinsic antimicrobial resistance of Gram-negative bacteria. Alterations in LPS and porins correlating with increased resistance to a variety of antimicrobials are also known and highlight the significance of the outer membrane vis-a-vis acquired antimicrobial resistance. Efflux systems accommodating a range of structurally distinct antimicrobials, including antibiotics, detergents, dyes, biocides and aromatic hydrocarbons have been identified in a number of Gram-negative organisms. Mutational studies have confirmed the importance of these systems to intrinsic and acquired antimicrobial resistance in important disease-causing organisms. As such, strategies aimed at thwarting efflux and or the outer membrane barrier are effective at reversing antimicrobial resistance in these organisms.